Cellulases play a significant role in the degradation of complex carbohydrates. In the human gut anaerobic bacteria are essential to the well-being of the host by producing these essential enzymes that convert plant polymers into simple sugars that can then be further metabolized by the host. Here we report the 2.08 Å resolution structure of HLB5, a chemically verified cellulase that was identified previously from an anaerobic gut bacterium and that has no structural cellulase homologues in PDB nor possesses any conserved region typical for enzymes that degrade carbohydrates. We anticipate that the information presented here will facilitate the identification of additional cellulases for which no homologues have been identified until to date and in enhancing our understanding how these novel cellulases bind and hydrolyze their substrates.
Introduction
Plant carbohydrates composed of large polymers such as cellulose, hemi-cellulose, and lignin are a major energy source for microorganisms that inhabit the digestive tract of animals and humans. To efficiently decompose carbohydrate polymers these microbes utilize a diverse set of carbohydrate active enzymes (CAZymes; www.cazy.org) (Lombard et al. 2014) . Although in some bacterial genomes CAZymes account for more than 10% of the encoded genes, it is believed that many are still to be discovered. In a previous study we utilized a "guilty by association" strategy to discover novel cellulases (Piao et al. 2014) . We identified and cloned 17 putative cellulases with too little sequence similarity to known cellulases to be identified as such. From this set, 11
(~65%) were verified to possess cellulolytic activity against carboxymethylcellulose (CMC) and pretreated Miscanthus (Piao et al. 2014 Here, we present the crystal structure of HLB5 at 2.08 Å resolution. The protein has no significant sequence identity to known cellulases. The structure shows tight hexamer and is providing information about the three-dimensional arrangements and functional sites.
HLB5 has several structural homologues in PDB, none of them have cellulase activity and the protein does not possess any conserved regions typical for CAZymes whilst still being capable of degrading cellulosic biomass.
Materials and methods

Sub-cloning, expression and purification
Residues 3 to 243 of hlb5, was amplified by PCR from the previously constructed Data collection statistics are presented in Table 1 .
Structure determination and refinement
All procedures for single wavelength anomalous diffraction (SAD) phasing, phase improvement by density modification, and initial protein model building were done using the structure module of the HKL3000 software package (Minor et al. 2006 ). Seven selenium sites were found using SHELXD (Sheldrick 2010 
Structure determination and model quality
The crystal structure of HLB5 was solved by single wavelength anomalous diffraction method. There is one molecule in an asymmetric unit and the structure was refined to an R/R free of 0.142/0.187 in 41.2-2.08 Å resolution range. The structure shows acceptable root mean square deviation from ideal geometry and reasonable clash score from Molprobity. Detailed refinement statistics are shown in Table 1 .
Results
Structure of HBL5
The monomer structure is α /β/β/α sandwich-fold composed of 8 helices and 13 strands (Fig. 1A) . . Among these helixes, the first two helixes protrude toward an adjacent molecule to make contact.
The oligomeric state of this protein was determined to be a hexamer in solution Inspection of the hexamer revealed several clefts and a large channel located at the interfaces between subunits. The significant feature of the hexamer is a channel ~60 Å long running across entire structure along three-fold axis with diameter around 6 Å ( Fig. 1D ). In the middle of hexamer this channel expands and connects to a large cavity that appears to have three wide connections to the protein surface that are lined with acidic residues. There are also three narrow channels. All these channels and cavities are strongly hydrated and show a number of ordered water molecules. The large clefts located near a two-fold axis on the interface of four peptide chains (Fig. 1C) more residues than HLB5 and it extends out to wrap around an adjacent protomer of the trimer.
Ligand Binding Site
The catalytic site of HMG/CHA aldolase is located in the cleft between adjacent protomers of the trimer and equivalent clefts are found on the structure of HLB5 ( Fig.   2A ). As described previously, this cleft is located in the region partially covered by the N-terminal helix of an adjacent polypeptide and occupied by a tartrate molecule from the crystallization solution. This tartrate makes hydrogen bonds with Gly125, Val127, Mse128, and Ser169, and hydrophobically interacts with Thr122, Trp124, Gly126, Arg147, and Gly168 (Fig. 2B ). In the HMG/CHA aldolase structure, pyruvate and magnesium ions are bound to the active site. A pyruvate interacts with a magnesium ion and the side chain of residues Arg123 (Arg147 in HBL5), while the backbone N of residues Asp102, Leu103, and Leu104 (Gly126, Val127, Met128), and the magnesium ion interacts with Asp124 (Asp148 in HBL5). This spatial environment is well conserved although the metal ion is not found in HBL5 and different ligands are present. Other than these, the residues like Gly125, Gly168 are spatially conserved in this cleft. Trials for crystallization of putative substrate bound protein have failed so far and the exact active site residues of HLB5 remain unknown.
Conclusions
We have determined the crystal structure of HLB5, a protein previously shown to 
